neutropenic during induction chemotherapy. She had recently begun drinking tea, which was prepared by briefly warming bottled water in a microwave oven and then dipping a tea bag into the warm liquid. Tests of tea bags taken from her room and from other locations throughout the hospital revealed a high prevalence of contamination by Bacillus species (in 17 of 19 specimens tested), most frequently by B. cereus. Therefore, we hypothesized that ingestion of contaminated tea is linked to the subsequent development of B. cereus bloodstream infections in immunocompromised patients. We performed a case-control study to examine the relationship between the consumption of tea and the development of B. cereus bacteremia in immunocompromised children.
Methods. A case was defined as B. cereus bacteremia, if confirmed by growth of B. cereus in cultures of blood samples obtained from any patient at St. Jude Children's Research Hospital (Memphis, TN) who had cancer or was undergoing stem cell transplantation. Cases were detected by reviewing microbiology records obtained from 1 January 1998 through 28 February 2003. In March 2003, case accrual was stopped upon the implementation of a new policy regarding beverage consumption and an educational program describing the risks of tea ingestion. Most patients who are treated at our institution are enrolled in experimental protocols, and the degree of the patients' immunosuppression is linked to the chemotherapy regimen employed in each protocol. To account for these confounding variables and for a potential temporal difference in B. cereus contamination of the tea leaves, control subjects, who were matched to cases in a 2:1 ratio, were defined as patients who were enrolled in the treatment protocol just before and just after the enrollment of each index case. Four case patients were not enrolled in a protocol; in these instances, the treating physician identified appropriate control subjects who were undergoing similar chemotherapeutic treatments.
A questionnaire was administered to collect the following information: age, race/ethnicity, sex, diagnostic category (leukemia, lymphoma, solid tumor, or other); whether the patient had undergone bone marrow transplantation; and beverage consumption habits-specifically, the consumption of soft drinks, juices, coffee, water, and tea, which was defined as drinks made from the leaves and flowers of plants. Additional, specific data regarding the type of tea consumed and the details of tea preparation were collected, when appropriate. Data collection was performed by an unblinded investigator (C.M.E.) by phone or during a face-to-face interview. The present study was approved by St. Jude's institutional review board. Statistical analysis was performed with the SAS software package, version 8.1 (SAS Institute). Differences between case patients and control subjects were tested using the Student's t test, for continuous variables, and the x 2 test, for categorical variables. Relative risk estimates were calculated using the empirical OR. ORs, P values, and 95% CIs were obtained for beverage exposure. The Cochran-Mantel-Haenszel analysis was applied to test for dose-related effects of tea consumption.
Results. Figure 1 shows the annual number of cases of bacteremia caused by B. cereus and Bacillus species at our institution. Before 1992, no cases of invasive B. cereus infection were documented. Sporadic cases of B. cereus bacteremia occurred from 1992 through 1997; thereafter, the rate accelerated to a mean of 3.2 cases per year. During the period after 1997, the incidence of cutaneous B. cereus infection remained at a level similar to that reported elsewhere [1] .
We identified 19 eligible case patients and 38 corresponding control subjects. Of the 57 potential study subjects, 13 could not be contacted, which yielded a participation rate of 77%. Sixteen of the 44 other potential subjects were case patients, and 28 were control subjects. Table 1 shows descriptive characteristics of the study population at baseline. Case patients and control subjects were similar with respect to sex, age, race/ ethnicity, underlying disease, and history of bone marrow transplantation ( for all variables). Twelve of the 16 case pa-P 1 .1 tients and 8 of the 28 control subjects reported that they did drink tea (OR, 7.5;
). The frequency of tea consumption P ! .01 was also positively correlated with an increased risk of disease: drinking at least 1 cup per day (4 of 12 case patients; 1 of 8 control subjects) and more than 1 cup per week (11 of 12 case patients; 7 of 8 control subjects) had a nonzero correlation of 5.5 ( ). Ingestion of coffee, juices, and/or soft drinks was P ! .02 not associated with disease (table 2) . Tea was prepared in many different ways, and both tap water and bottled water were commonly used. Most patients used tea leaves in individual, prepackaged bags. Water was warmed or boiled in a microwave oven or on a conventional stove, and tea bags were added either before or after heating. Two patients drank bottled tea, and 1 consumed both bottled and prepared tea. Because of the wide variety of tea preparation methods and the subsequently small number of observations per group, we could not test for a possible association between B. cereus disease and methods of tea preparation. However, it was clear that dipping the tea bag into water that had been heated to the boiling point was an uncommon method of preparation.
Discussion. The present study suggests that there is an association between tea ingestion and invasive B. cereus disease among immunocompromised patients. This association, limited only to tea among all of the beverages tested, also demonstrates a dose-related effect. The potential risk of invasive disease after ingestion of B. cereus spores in tea thus merits further consideration. Prior to the completion of the present study, our institution had no policies that addressed tea consumption.
Recent reports have attributed a wide array of antimicrobial properties to tea extracts in both in vitro and animal models [4] [5] [6] . Epigallocatechin gallate, a common constituent of the tea catechins, is thought to be one of the most active and diverse of the ingredients in tea [7] [8] [9] . Some studies have also reported a benefit from the use of tea in clinical settings [10] [11] [12] [13] . However, these clinical reports involved, primarily, immunocom- petent patients, and the products tested were tea extracts, rather than tea prepared and consumed in an uncontrolled fashion. This fact is particularly important because tea leaves in their natural form would be assumed to carry the highest potential for contamination with B. cereus and other microbes, whereas tea extracts in medicinal preparations would probably be sterile. Only 2 short reports in the literature have implicated tea consumption in the development of severe disease. One report linked tea prepared from contaminated water and used in an oral preparation for mouth hygiene to Acinetobacter baumannii pneumonia among ventilated patients [14] . The other suggested an association between Aspergillus niger infection among neutropenic patients and the drinking of mate, a green tea that is usually prepared with cold water and consumed through a pipe and that is popular in parts of South America and the Middle East [15] . Of note, we cultured Aspergillus niger from separate tea specimens that we collected from multiple sources in the hospital (data not shown).
The number of patients who were enrolled in the present study was small (44 of 57 eligible patients). Nevertheless, this number was sufficient to investigate the correlation between B. cereus infection and tea consumption. Unfortunately, a correlation between methods of tea preparation and development of infection could not be investigated. To avoid recall bias, the patients and/or their caregivers were blinded to the purpose of the study, and the questionnaire that was administered to them included questions about the ingestion of several liquids, of which tea was one. However, data collection was only singleblinded, and this might have biased the results.
In a separate series of experiments, we demonstrated that boiling tea leaves for at least 1 min or autoclaving them before preparation sterilizes the beverage (data not shown). Before the completion of the present study, no policies that regulate or exclude brewed tea from the diets of patients were in place at our institution. It could be projected from the results of the present study that proper sterilization of tea before consumption would reduce the risk of infection and of subsequent morbidity and mortality. On the basis of the results of our experiments and of the present case-control study, policy changes were introduced to exclude tea from the diet of neutropenic patients, unless it had been brought to a rolling boil for at least 1 min or had been made from autoclaved tea bags. Since the implementation of these recommendations and an increase in educational efforts, only 2 cases of B. cereus bacteremia have been documented during a period of 20 months. A larger study is warranted, however, to examine other potential risk factors for bacteremia, such as host-specific factors, chemotherapy, other dietary sources, and organism-specific virulence factors. An exploration of the pathogenesis of these infections remains essential to an understanding of this emerging pathogen.
